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CARDENE’ILV.

(nicardipine hydrochioride)

Brief Summary of Prescribing Information

INDICATION AND USAGE: For the shiort-tirm treatment of hypertension when oral therapy 1
nal Teasiole or desirable. For prolonged centrol of blood pressure, patients should be transterred
10 ¢fal megication as soon as heir clinical condition permits.

CONTRAINDICATIONS: In patients with known fyparsensitivity. Cardene” LV, s ales contraindicatid

in palients witf advanced aorfic stenosis because part of the effect of Gardene™ L. is secandary

10 reduced afterioad, Reduction of diastolie pressure in these patients may worsen rather than

improvi myocardial pxygen balance.

WARNINGS: BETA-BLOCKER WITHDRAWAL: Nicardiping Is not a beta-blocker and provides no
arotection against the dangers of abrupt bola-blocker withdrawal any such withdrawal should
be by gradual reduction of dose of beta-blocker.

AP0 DECREASES M BLOOD PRESSURE: Mo dlinical events have been reported suggestive of a
100 rapid decrease in bleod prassure with Cardena™ LY. However, a5 with any antinyperiensive
agent, blood pressure lowaring should be accompiished over as long a lime as is compatinle with
palient’s clinical status,

LUSE IN PATIENTS WITH ANGINA: Induction or exacarbation of angina has been seen in less than
1% of coronary artery disease patients treaterd with Cardene® | V. Increaser frequenty, durafion,
or severity of anging has baan seen with chronic oral Cardena® tharapy,

LISE 1N PATIENTS WITH CONGESTIVE HEART FAILURE: Cardana |V, reduced afterlnadl vithout Impgiring
iyocardial contractiity in prefiminary hemodynamic studies of CHF patients. However, i vifrg
and in same patients, a negative Inolrcpic effect has been observed, Exercise caution whar using

Cardane* |\, particularly In combination with & bala-blocker, in patients with GHF or significant left
verricular dysfunetion,

UUSE IN FATIENTS WITH PHEOCHROMOCYTOMA: United clinical experiance exists in thesa
patients; therefors, exerciso caution when administering Cardena® 1

PERIPHERAL VEIN INFUSION SITE; To minimize the risk of peripheral venous imitation, It is
recommended that ihe site of infusion af Cardene® .V, be changed every 12 nours,
PRECAUTIONS: GENERAL: Bioad prressuve, Because Cardang” LV, degreases pan‘aheral resist-
ance, monitoring of biood pressure during administration & required, Cardene” 1V, like ofher
caleium channal blockars, may occasionally produce symptomatic hypotension. Caution is advised

1o awoltl systemic hypolension when administering the drug to patients who hate sustained an acuta
carelial infarction or hemaorags,

s in-Fatienis with Impaired Hepatic Function: Nicardiping is metabolized n the fher, excreise
caution in patients with impaired liver function or reduced hepatic bloed flow, consider uss of
Jower dosanes. Nicardipine administered infravencusly has been reporied o increase hepatle
venous pressure gradient by 4 mm Hg in cimotic patients at high deses (5 mg/20 min), Use
Cardene® |V, wilh caution in patients With portal hypertension.

[z I Patients with impaired Ranal Functiom When Cardane” |V, was given to mild to moderate
hypertensize patients with medarate renal impalament, a significanlly (ower systemic clearance and
iihier AUC was chaerved,. These resulls are consistent with those seen after oral admlnistration of
ricardipine. Careful dose titralion i advissd when Lreating resally-impaired patients.

DRUG INTERACTIONS: Sincs Cardene™ 1V, may be adminiztrated to patients already belng treated
with other medications, Including other antitypertensive agents, caraful manitaring of fhese patiants
|5 necassany ta tetect and promplly treat any undesired elfects from conconitant atrministration.
Buta-Biockers, In most patients Cardene™ | V. can safely be tsed with beta-blockars, However,
evprelss caution whan using this combination in CHE patients (see WABNINGS).

Cimetiding: Cimetidine has been shown to increase nicardiping plasma concanirations allowing
Cardene® capsule administration; carfully monitor concamitant use. Data with otfer histaming-2
antzgonists are nol avallable:

Digovin: Stutfies have shawn that Cardene® capsules usually do not alter digoxin plasma concen-
I[r‘gljt?m: however, a5 A precaution, evaluate digoxin levels when initiating concamitant Cardene™

A therapy.

Featany anesthiesia Hypotension has besn reparted during fentanyl anesinesla wilh concamitant use
af a heta-blockar and 3 caltium channel blosker, Even thaugh such interactions were not seen during
climiea) stuties with Cardang™ 13 (nicardipine hydrochloridey, an increased valume of circulating fluds
might ba required il such an Interaction were to nosur

Cyclosnoring; Cancamitant use of Cardene® capsules and cycinsporing resulls in elavatsd plasma
rycinsporing levels. Menitor cyclosparing plasma lvels closaly and reduce its dose accordingly,
I yitio inderaction. The plasma proteln binding of nicardiping was not altered when therapautic
concentrations of furosemide, propraniol, dipyridamole, warfarin, quinitine, o naproven were
addad to human plasma i vitro,

CARCINDGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY, Rats treated with nicardipina in

fhe diet (at doses of 5, 15, or 46 mo/k/day) for two years showed a dose-cependant Increasa in
thyroid hyperpiasia and neoplasia {foflicear adanomaicarcinama), One- and threa-month rat slud-
o5 have suggested that thess results are due to & nicardiping-inducad reduction in plasma thyree
i {T) levels, with resultant increase i plasna fevels of hyrold stimulating hormone (T SH); Mice
sreated Wi nicardiping in the diet (at corpentrations catculatzd to provida daily dosage levels of up
16100 mey/layday) for up 10 18 manths showed no evidence of neaplasia of any tissua and ne
ayidence of thyraid changes. There was no eviderice of nicardipine-induced thyrold effacts in deas
{treated with nicardiping at doses up 1o 25 mi/kg/day for one year) or in man. Niardipine tlkd ol
display mutagenic potential in genotexicily lests conducted Tn microbes, mica and hamsters. No
firtifity Impairmen! was seen in male or female rats administered oral nicardiping deses as high

35 100 mo/ka/day &0 fimes the 40 mp TID madmum recormmanded human dose [MAHO] in man,
assuming @ patient weight of 80 kol

PREGNANCY CATEGORY C; There are rio adeguate and well-controflet] studies in pregnant
viomen: Cardenz™ |V, showld ba used during preghancy only if the potential bensfit justifies the
potential risk to the felus, Candene” 1V, adwinistared af dases up to 5 ma/o/day and up o 0.5
mofkadday to-pregnant rats and rabbits, respectively, produced na ambrwluxicﬂy or tErategenivity.
Ermbryntoxicily, bl nol teratogenicity, was seen al 10 mg/kgy'day In rals and 3t 1 mgko/day in
rabhits. Nicardiping was embryccidal at oral doses of 150 mn/salday, given during oraanagens-
sis, 1o pregnant viirike rabbits But not at 50 ma/kg/day (25 times MRHD), Na advarse effects on
the fatus were observed when alhino rabhits were treated, during organcgenesis, wilh up lo

100 mofkn/day of nicardiping, Pregnant rats recaiving aral duses up to 100 mg/ka/day (50 times
IRHD) showed no evidence of embryelethallly or teratoganicty. However, dystocia and reductions
In Birth weelghts, neonatal survival, and neonalal weight gain viese noted. There are o adeouafi
and wall-controlled studies in pregnant wemen, Cardene” should be usad-in pregnanicy only If the
patential benafit justifies the potentlal risk to the Telus,

NURSING MOTHERS: Studies in rats have shovn significant concentrations of nicardiping in
maternal milk. Therefore, ugs in nursing mothers is not recommendad. )
PEDIATRIC USE: Safety.and efficacy in patients under the aga of 18 have nat been established.
155F IN THE ELDERLY: In clinical studles, oo significant difference was observed in e antiyparten-
sive effect of Cardene” |V in patiants 265 years compared 10 ather agull patients.

ADVERSE EXPERIENCES: 244 patients participated in two multicanter double-blind, placebo-
controllec! rinls of Cardene™ 1V Adverse affacts were anerally not sarlous and most ware expected
cifacts of vasodilation. Some acvirsa efferts required dosane adjustments, Therapy was dlscontin-
wed in apnrox. 125 of patients due mainly o hypotension, headache and tactycardia,

The folloving nunibers regresent parcentane af patients with adverse experiances during the double-

uhd pastinn of contralled trials with Cardane™ |'V. (1="144) varsus Placebo (n=100), respectively.

Percent of Patients with Adverse Experiences
During the Double-Blind Portion of Controlled Trials

Adverse Experience Cardene (n=144) Placebo (n=100}

Body as a Whole
Headache

Asthenia

Abdominal pain

Chest pain
Cardiovascular
Hypotension

Tachycardia

ECG abnormality

Postural hypotension
Ventricular extrasystoles
Extrasysloles
Hemopericardium
Hypertension
Supraventricular tachycardia
Syncope

Vasodilation

Ventricular tachycardia
Digestive

Nausea/vomiting

Injection Site

Injection site reaction
Injectian site pain
Metabolic and Nutritional
Hypokalemia

Nervous

Dizziness

Hypesthesia

intracranial hemorrhage
Paresthesia

Respiratory

Dyspnea

Skin and Appendages
Sweating

Urogenital

Polyuria 1.4
Hematuria 0.7
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RARE EVENTS: The following Evisnis iave been reported in clinical Urials or in 1he filerature with

intravenous Use of icardiping. Body as.a Whok: fever, neck pain, Cardiovascular. angina pestoris.

atrpvaniricular block, ST segment depression, invarted T wave, deep vein thrombophiebitls.

Digastive: dyspepsia. Hamic and Lymphatic: thrombocylopenia, Mefaiolic and Nudritianal

hypaphosphatamia, peripheral edema, Menows, confusion, hysertenia. Resplraltity: sespiratary

disarder. Special Senses corjunclivitis, ear diseder, finmitus. Lrogenitat urinary frequency.

Sinus nede dysfunction and myocardial infarction, possibly due 1o disease prograssian, hiave been

seen i patients on chronic oral nicardipine theragy.

OVERDOSAGE: Several overdgsaties with orally administered nicardiping have been reported. Dne

acllf patient liegedly ingested GGG my of nicardiping (standard immediate relsase] capsules). and

anotiier patient, 2160 my of the sustained refease formutation of nicardiping. Symatems Inchudad

marked hypotension, bradycardia, palpiations, flushing, drowsiness, confusion and slurred speech,

All symptoms resoived without sequstas, An overdasage oecurred in a one year old child who ingested

ialt of the powdsr in & 30 ma ricardiping standard capsule. The child remained asyimptomalic. Based

o resulls eblaingd i laboratory animals, lethal céerdose may cause systenic hypotension, bradyrardia
Jigwing inilial tachycardial and progressive atricvantricutar conduction bisck, Revarsibie hepatic

unction atnormallties and sporadlc focal hepatic necrosis wire noted in same animal Goecies

racelving very larpe doses of nicardipine

For Irealme of everdosage, standard measures including monltoring of cartias and respiratory

functions should be implomented. The patient should te pasitionad s as to avoid rarebral anorfa.

Frequent blood pressure determinations are essential, Vasopressons are clincally indicated for patients

estribifing prafound hypotension. Intmvennus caicium aludonate may heip teverse fite effects of

calcium eniry binckads,

DOSAGE AND ADNMINISTRATION; DOSAGE MUST BE INDIVIDUALIZED depanding on sevarity of

hyp2rtension and patlent responsa: Monilor blood pressuta during and after the infusion; avoid

o0 rapid or excessive reductions in systalic or diastolle bioad presstre

WWABNING: AMPULS MUST BE DILUTED BEFORE INFUSION.

Cardera® |V, ts agministered by sioiw continuaus iniravenaus infusion at a CONCENTRATICN

OF 0.1 ma/ml. Dilute each ampul (25 mg} with 240 mL of compalible intravenaus fuid (sas

full preseribing information], resuiting in 250 mL of & 0.1 mo/mL solulion. NOTE: Cardene® L.V,

:s NOT conl}spatihlra with Sodium Bicarbonate (5%) Injection, USF, or Lactated Ringer's

njection, USP.

See package insert for full prescribing information.

Reference:
1, Whiting RL. Animal pharmacology of nicardipine and its clinical relevance. Am J Cardiol.
1987;59:3J-8J.

Cardene™ | V. is a registered trademark of Roche Palo Alto LLC.
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Selective Left Bronchial Intubation and Left-Lung Isolation in Infants and
Toddlers: Analysis of a New Technique

Suressh Chengod, MD, Aluvangal Pulparambil Chandrasekharan, MS, MCh, FRCS, and
Padmanabhan Manoj, MS, MCh

Objectives: The purpose of this study was to analyze and
compare a new technique for left bronchial intubation and
left-lung isolation in infants and toddlers without the help of
bronchoscopes.

Methods: In this prospective, unique comparative study, 3
different techniques for left mainstem bronchus intubation and
left-lung isolation using a Fogarty catheter as a bronchial
blocker were conducted in 11 children under age 4 who re-
quired left-lung isolation for left-lung surgery. A new technique
for Fogarty catheter insertion and balloon inflation for proper
positioning and avoiding displacement during lung handling
was used. The first technique was a blind introduction to the
left bronchus of the endotracheal tube (ETT) with the head
turned to the right and the tube turned to the left at 180°. The
second one was to introduce the preshaped Fogarty catheter
to the left bronchus. The third one was to intubate the left
bronchus using the new technique of a preshaped ETT.

NFANTS AND TODDLERS may benefit if lung isolation is

achieved for surgical management of suppurative lung dis-
eases and bleeding from the lungs. Experience with one-lung
ventilation (OLV) in infants and toddlers has been very limited
when compared with older children and adults. The reason may
be the unavailability of double-lumen endotracheal tubes for
this age group until the mid-1990s'* and even after that their
limited availability for clinical use."”

The need to have small-size fiberoptic bronchoscopes
(FOBs) or rigid bronchoscopes for proper placement of endo-
bronchial blockers in this age group and limited experience of
anesthesiologists with these instruments also contribute to the
difficulties of performing thoracotomies in the prone position.'

Vale® and Cay et al® have described the use of Fogarty
catheters as cndobronchial blockers in children. Recently, wire-
guided endobronchial blockers'® and various other bronchial
blockers,!>'3 some of them used coaxially through the single-
fumen endotracheal tube'>!¢ (SLET), have been described for
lung isolation in children. Endobronchial intubation as a tech-
nique for lung isolation has been mentioned* and practiced in
units doing thoracotomies in these patients. Right endobron-
chial intubation with an SLET, specifically with a cuffed tube,
for left-lung surgery results in right upper-lobe bronchus ob-
struction and will lead to severe hypercarbia and hypoxia. On
the other hand, right-lung surgery can be performed with left
mainstem bronchial intubation with or without right bronchial

From the Department of Anesthesiology and Intensive Care, Divi-
sion of Cardiothoracic and Vascular Anesthesiology and Intensive
Cure, Amrita Institute of Medical Sciences and Research Cenier,
Kerala, India.

Address reprint requests to Suressh Chengod, MD, Deparment of
Anesthesiology and Intensive Care, Amrita Institute of Medical Sci-
ences and Research Center, Elamakkara PO, Cochin-682026, Kerala,
India. E-mail: sureshchen@hotmail.com

© 2005 Elsevier Inc. All rights reserved.
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Results: No left bronchial intubation could be achieved
with the first technique. Left bronchial intubation and isola-
tion were achieved in 2 of 11 by the second technique and 10
of 11 using the third technique. No bulb displacement oc-
curred in any of these during lung handling.

Conclusion: The new technique of left bronchial intuba-
tion with a preshaped endotracheal tube was simple, safe,
and easily accomplished. A Fogarty catheter can be posi-
tioned properly without the aid of a smaller bronchoscope
once the left bronchus is intubated. Balloon displacement
can be avoided completely if the left lung is collapsed
properly and completely before the final balloon inflation.
© 2005 Elsevier Inc. All rights reserved.

KEY WORDS: left bronchial intubation, lung isolation, lung
surgery, bronchial blocker, Fogarty catheter, infants

blockade. Availability of a flexible FOB that can easily pass
even through an SLET of 3-mm internal diameter is esscntial
for the accurate placement of either the bronchial blocker or the
endobronchial tube in the small left bronchus of children in this
age group.

The purpose of this investigation was to compare 2 described
techniques and compare them with a new technique for the ease
of left bronchial intubation and left-lung isolation with the
appropriate-size Fogarty catheter, without the help of broncho-
scopes. Two of these techniques are already mentioned in the
literature™® and the authors developed the third, a new tech-
nique. The authors also analyzed a technique for accurate
inflation and proper positioning of a Fogarty catheter balloon
without causing dislodgement during lung handling by the
surgical tcam.

METHODS

After cthics committee approval of the protocol and informed con-
sent from the parents. this prospective study was conducted over
period of 3 years. Eleven children under the age of 4 were studicd
There were 9 boys and 2 girls with a median age of 1.6 ycars (range
0.6-3.5 years), median weight of 9.1 kg (range 6.2-12.5 kg), and
median height of 78 cm (range 58-100 cm).

The infrequent presentation of infants with an isoluted left-lung
pathology requiring left thoracotomy and lung rescction forced the
authors to formulate and use a unique way of comparing 3 different
techniques for left bronchial intubation and left bronchus blockade with
a Fogarty catheter. The specifications were as follows:

1. Children under 4 ycars requiring surgical treatment for cither
suppurative lung discase or bleeding from the lungs, involving
the left lung, in whom left thoracotomy and left-lung resection
were planned were included in the study.

. All children had all 3 techniques studied on them.

w12

. The drawing lot decided the sequence of techniques in cach
patient.
4. The same anesthesiologist tried the 3 techniques in all patients
to avoid subjective changes in techniques and expertisc.
5. Only asingle attempt was made for each technique in a patient.

636 Journal of Cardiothoracic and Vascular Anesthesia, Vol 19, No 5 (October), 2005: pp 636-641
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LEFT BRONCHIAL INTUBATION

6. Confirmation and documentation of the Fogarty position was
done using a 2.5-mm FOB (Karl Storz) after each successful
attempt.

7. Final lung isolation before proceeding with the surgery was
done with the new technique, which is being tested. Fiberoptic
aid was always at hand if this technique failed.

On arrival in the operating room, routine noninvasive monitors were
connected. Anesthesia was induced with 5% to 8% sevoflurane in
100% oxygen. Intravenous access was secured and patency maintained
with a slow infusion of crystalloid intravenous fluid. After 10 ug/kg of
fentanyl and glycopyrrolate, vecuronium, 0.2 mg/kg, was used to aid
intubation of the trachea with the proper sized noncuffed SLET (SIMS
Portex Ltd, Hythe, Kent, UK). Anesthesia was maintained during the
lung isolation procedure with propofol, 5 mg/kg/h, and fentanyl, 0.03
pg/kg/min, as continuous infusion. An intra-arterial catheter was se-
cured, and invasive arterial blood pressure was monitored. A double-
lumen central venous catheter was placed in the right internal jugular
vein and central venous pressure was monitored. End-tidal carbon
dioxide, fraction of inspired oxygen, and anesthetic gas concentration
were measured and monitored by a side-stream gas analyzer.

First, the carinal distance was measured from the central upper incisor
or the gum of the upper jaw. The SLET already in the trachea was slowly
advanced down the trachea, 0.5 cm at a time, while listening to the breath
sounds on each hemithorax with each advancement until air entry was
absent or there were diminished breath sounds in one lung and at the same
time normal breath sounds in the other lung. This distance from the
previously described reference point was noted and marked on the SLET
and was considered as the carinal distance. The SLET was then pulled into
the midtrachea and ventilation continued.

The measured carinal distance was then marked on another SLET 1
size smaller than the one in the patient, measuring from the tip of the
tube. Two more markings were made on this tube, one at 0.5 cm and
another 1 cm proximal to the mark of carinal distance (Fig 1). A
Fogarty catheter was selected, as a bronchial blocker, according to the
age of the patient; 4F catheter in the group less than 1 year, 5F in 1 year
Lo 2 years old group, and 6F in the group between 2 years and 4 years.
Three markings were made on the Fogarty catheter to aid accurate
placement in the left mainstem bronchus. The first mark made on the
catheter was the carinal distance as measured from the tip of the
catheter. The second mark was the carinal distance measured from the
proximal joint of the balloon and the third mark was made 1 cm
proximal to the second mark (Fig 1). Techniques that were compared
with each other for the ease of left mainstem bronchial intubation
followed by bronchial blocker placement and finally left-lung isolation
are described.

Technique 1: Normal Endotracheal Tube Technique

An SLET, which is 1 size smaller than the appropriate size tube and
on which the measured carinal distance is marked, was introduced into
the midtrachea by direct laryngoscopy. The head and the SLET were
held in the normal intubating position. The patient’s head was then
turned to the right as much as possible and then the SLET turned by
180°. The tube was then advanced to enter the bronchus up to the third
mark (ie, 1 cm more than the carinal distance). Proper placement of the
cndotracheal tube tip in the left mainstem bronchus was then confirmed
by auscultation of the chest over both lungs. Air entry only to the left
with absent or significantly diminished breath sounds over the right
chest confirmed proper left mainstem bronchial intubation. Once left
mainstem bronchial intubation was successfully achieved, in a single
attempt, Fogarty isolation was then performed as described below. The
technique of Fogarty positioning was the same for all 3 techniques
studied.

A Fogarty catheter of appropriate size without the stylet and with the
markings made on it, as described earlier, was then passed through the

637

Fig 1. Endotracheal tube modified to resemble a left-sided dou-
ble-lumen tube with the help of a stylet. Note the bevel of the tube
facing toward the right side. Carinal distance is marked on the tube
and the catheter as measured from the tip (Arrows). The second and
third markings on the catheter, from below upwards, are the carinal
distance from the proximal joint of the balloon and 1 ¢cm from the
second mark, respectively.

SLET already positioned in the left mainstem bronchus (now the
endobronchial tube). The Fogarty catheter was advanced as far down as
possible until it met with resistance. The endobronchial tube was then
removed over the Fogarty catheter from the trachea, stabilizing the
catheter in position. The trachea of the patient was then intubated with
another SLET, alongside the Fogarty catheter, the size of which was the
same as the endobronchial tube used earlier. This tube was then
positioned in the midtrachea and secured with tapes. The Fogarty
catheter was then pulled out so thut the most proximal mark made on
the catheter (the first mark seen while pulling out) came to the level of
the incisor or the gum of the upper jaw. The SLET should now be in
the midtrachea and the Fogarty catheter in the left mainstem bronchuos
with the proximal joint of the balloon 1 cm beyond the carina into the
left mainstem bronchus. The Fogarty catheter was then securely taped
to the SLET. The Fogarty catheter balloon was then filled slowly with
air using a 1-mL or 2-mL syringe (according to the size of the Fogarty
selected) mounted on a 3-way stopcock attached to the hub of the
catheter. The left lung field was auscultated while ventilating both
lungs through the SLET, and the volume of air injected into the
balloon, when there was no air entry to the left lung, was noted. This
was considered to be the amount of air to be injected into the balloon
to get an airtight fit during the final isolation. The time taken from the
point of initiation of endobronchial tube intubation to the point of lung
isolation was noted.

Front Line Med. Techs., Inc. Ex-1005-11
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Technique 2: Preshaped Fogarty Catheter Technique

Blind introduction of the Fogarty catheter into the left bronchus was
tricd in this technique without the aid of bronchoscopes or prior
selective intubation of the left bronchus as described in the previous
technique. An appropriately sized Fogarty catheter, with the stylet in
situ, was bent just proximal to the balloon to about 30°. This Fogarty
catheter was then introduced into the trachea by normal direct laryn-
goscopy with the bent tip turned to the left. The Fogarty catheter was
advanced as far down as possible into the bronchus and the stylet
removed. The trachea was then intubated with an SLET 1 size smaller
than what was appropriate for the child and the tip positioned in the
midtrachea. After fixing the SLET, the Fogurty catheter was withdrawn
until the third mark from the tip (the first mark seen while pulling out)
was at the incisor level of the upper jaw. The catheter balloon was then
inflated und on ventilation through the SLET, absence of air entry to the
left confirmed accurate placement of the catheter in the left mainstem
bronchus. Absent or diminished air entry in the right lung with normal
air entry in the left lung suggests right bronchial placement of the
Fogarty catheter and was considered as tailurc of the technique. If left
lung isolation was achicved, then the time taken from the point of
introduction of catheter into the trachea to the point of lung isolation
was noted.

Technique 3: Preshaped Endotracheal Tube Technique

In this technique, the second endotracheal tube (endobronchial tube),
which was 1 size smaller than the appropriate-sized tube, was pre-
shaped to resemble the shape of a left-sided double-lumen disposable
Robertshaw endobronchial tube and the actual technique was as de-
scribed later. A malleable intubating stylet of size 6F or 8F (Satin-Slip,
Mallinckrodt Inc, St. Louis, MO) was placed in the second SLET (1
size smaller) and fixed so that the tip of the stylet was immediately
above the bevel of the tube, Molding the stylet retains the normal tube
curvature with the anterior concavity. The SLET was then rotated over
the stylet to 180° so that the bevel, which was facing to the left, now
faced right and 15° to 20° bend to the left was made close to the tip of
the endotracheal tube (Fig 1). (The stylet holds the tube in position with
the tip turned to the left, bevel facing right and normal antcrior
concavity.) This preshaped tube was then introduced into the trachea
and left bronchus, with the stylet in place, just like a left-sided double-
lumen endobronchial tube intubation. This endobronchial tube was
then passed into the bronchus so that the third mark on the tube
corresponded to the incisor or the gum of the upper jaw. The stylet was
then removed, stabilizing the tube in position. The lung was then
ventilated and the proper position of the tube tip in the left mainstem
bronchus was confirmed by the air entry only to or preferentially to the
left lung,

Lung isolation using the Fogarty catheter was then performed as
described under technique 1, once the correct placement of the endo-
bronchial tube in the left bronchus was confirmed as mentioned carlier.
Time taken from the point of intubation using the preformed tube to the
point of lung isolation was noted. As mentioned in the protocol, for the
final lung isolation and to proceed with the surgery, the third technique
was used in all patients (if this technique was not the last one to be
tested according to the lots drawn), but no inferences were made and
had no bearing on the study as far as the success of left endobronchial
intubation was concerncd.

Once the bronchial blocker and SLET were secured in position for
the surgery, anesthesia was maintained with isoflurane 1% (as set on
the vaporizer), vecuronium, 3 pg/kg/min, and fentanyl, 0.03 pg/kg/
min, Before positioning the patient in the right lateral decubitus posi-
tion, both lungs were ventilated with an F1O» of 1, a tidal volume of 8
ml/kg, and a respiratory rate for a PaCO; of 35 to 40 mmHyg. Me-
chanical ventilation was provided with a Datex Ohmeda 7100 ventila-
tor (Acstiva 5; Datex Ohmeda Inc, Madison, WI). Arterial blood gas

CHENGOD, CHANDRASEKHARAN, AND MANQJ

estimations were done after 15 minutes of any change made in the
ventilatory setting or it was repeated every 30 minutes when on OLV,

The final left-lung isolation before positioning the patient in the right
lateral decubitus position was initiated as follows. The SLET way
disconnected from the breathing circuit, and a continuous negative
suction was applied using a vacuum suction catheter placed in the
trachea close to the carina. A continuous circumferential gentle squeez-
ing pressurc was applicd on the chest wall, with both hands of the
clinician embracing the chest wall, well before inflating the Fogarty
balloon, and continued until the balloon was inflated adequately with
the previously assessed volume of air. OLV of the right lung was then
initiated and the paticnt positioned in the right lateral decubitus posi-
tion, The same surgical team performed all thoracotomics, and the
adequacy of left-lung collapse was assessed by them on a 3-stage scale
and graded as follows: total collapse and no ventilation (cxcelient),
partial collapse but no ventilation (good), ventilation present (poor).
Dislodgement of the catheter was suspected when the peak airway
pressure suddenly increased with absent or decreased air entry on the
right sidc of the chest with or without the ventilation of the left lung.

On completion of the procedure, adequate suction clearance of any
secretions from the air way was done and the Fogarty balloon deflated.
Ventilation of both lungs was resumed. Before shifting to the intensive
care unit, the Fogarty catheter was removed and the trachea reintubated
with the appropriate-sized SLET. The trachea and bronchi were exam-
incd with an FOB for any injury inflicted during the procedurc. All
patients received caudal epidural preservative-frec buprenorphine in a
dosc of 5 pg/kg in 0.5 mL/kg (maximum of 10 mL) of normal saline
for postoperative analgesia. All patients werce ventilated in the intensive
care unit until their body temperature became normal, the neuromus-
cular blocker effect reversed, und they were extubated. Rectal para-
cetamol was used to supplement postoperative analgesia, if required
All patients received 0.25 mg/kg of dexamethasone in the opcrating
room itself and prophylactic racemic Epinephrine nebulization after
extubation was used to prevent glottic edema and postoperative stridor.
The authors compared the data by McNemar test and a p value of
<<().05 was considered significant.

RESULTS

Left upper lobectomy (n = 4), left lower lobectomy (n = 6)
and decortication (n = 1) were the surgeries performed. A
summary of the important aspects of these cases is given in
Table 1. Success of left bronchial intubation and isolation with
3 different techniques is summarized in Table 2. None of the 11
patients’ left bronchus could be intubated with technique 1.
Two of 11 was the success rate of left bronchial intubation and
isolation using technique 2, and the time for isolation was 5
minutes and 7 minutes, respectively. Ten of eleven patients’
left bronchus could be intubated and isolated by using tech-
nique 3. Comparisons between the success rates of technique 3
with the other 2 were statistically significant with a p value
<0.05. The mean time for isolation with technique 3 was 9.13
+ 0.11 minutes (range 7.29-11.23 minutes). Balloon occlusion
volume runged from 0.75 mL to 1.8 mL of air. The adequacy
of separation by technique 3, which was later used to isolate the
lung, was assessed as excellent in 6 patients and good in +
patients. There were no incidences of Fogarty catheter balloon
displacement in any of these 11 cases after lung handling
during surgery.

In 1 patient in whom lcft bronchial intubation could not be
achieved with any of the 3 techniques, it was done with the help
of 2 2.5-mm FOB and then Fogarty catheter isolation was done
as described earlier. Table 3 shows the carinal distance mea-
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Table 1. Patient Characteristics

Age (y) Sex Weight (kg) Height (cm) Diagnosis Surgery

2.3 F 12 83 Sequestrated lung LLL

3.6 M 12.5 101 Empyema Decortication
3.1 M 11 95 Destroyed lung LUL

0.7 M 6.2 64 Infected lung cyst LUL

1.8 F 9 78 Lung abscess-? FB LLL

0.9 M 6.4 69 Lung abscess LLL

1.4 M 8.6 72 Bronchiectasis—destroyed lung LUL

0.6 M 6.9 59 Lung cyst LUL

1.1 M 10.3 77 FB—destroyed lung LLL

2.1 M 11.1 87 Bronchiectasis LLL + linguilectomy
1.6 M 9.1 73 Lung abscess LLL

Abbreviations: M, male; F, female; FB, foreign body; LLL, left lower iobectomy; LUL, left upper lobectomy.

sured, Fogarty catheter size selected, balloon volume used, and
the time taken for isolation.

DISCUSSION

Isolation of the diseased lung and OLV are desirable in
infants and toddlers undergoing surgical management for in-
fected lungs, bleeding from the lungs, and sometimes even
congenital lobar emphysema. Spillage of infected material and
blood from the operated lung to the normal lungs might lead to
increased postoperative morbidity and could even be life-
threatening during the intraoperative period. In contrast to
adults and bigger children, in whom double-lumen tubes and
Univent tubes'? are available for lung separation and OLV,
lung isolation in infants and small children requires endobron-
chial tube placement?, a bronchial blocker,>*7.1216 or both® to
achieve adequate isolation and OLV.

Right-sided thoracotomies and lung surgery can be per-
formed by left bronchial intubation with or without a bronchial
blocker in the right mainstem bronchus. Left-lung surgery
carries a higher risk of hypoxia and severe hypercarbia when
done with right bronchial intubation, especially with a cuffed
SLET. This is mainly because of the invariable occlusion of the
right upper lobe bronchus by the right-sided endobronchial
tube, especially in infants. Even if the right-sided endobron-
chial tube is placed just proximal to the upper lobe bronchus
takeoff, no safety is guaranteed against spillage because the
right mainstem bronchus above the upper lobe takeoff is too
short to hold the endobronchial tube and will invariably dis-
lodge into the trachea during surgical manipulation, resulting in
disastrous consequences, especially in smaller children.

The best option for left-sided lung surgeries in this age group
would be to place a balloon-tipped bronchial blocker, usually a
Fogarty catheter” of appropriate size, or an end-hole balloon

Table 2. Success of Left Bronchial Intubation

Normal ETT  Preformed Fogarty Catheter Preformed ETT

Techniques (TEC I} (TEC IN) (TEC 111}
Success Rate 0711 2111 10/11
% of success 0% 18.18% 90.9%

NOTE. Comparing TEC | with TEC IlI; p value < 0.05. Comparing
TEC Il with TEC I1I; p value < 0.05.
Abbreviation: ETT, endotracheal tube.

wedge catheter'>'® or wire-guided endobronchial blocker
(WEB),'3 well into the left mainstem bronchus (which is longer
than the right mainstem bronchus) and to ventilate the right
lung with a well-fitting endotracheal tube placed in the midtra-
chea. Coaxially placed bronchial blockers through the SLET
invariably require small-sized FOBs and multiport adaptors,
and different sizes of FOBs are required depending on the size
of the SLET the patient’s trachea will require.'® Simultaneous
passage of the SF end-hole bronchial blocker and FOB of even
less than 2-mm outer diameter, for positioning the balloon of
the bronchial blocker in the bronchus, through an SLET of size
less than 4.5-mm internal diameter (ID) would be very difficult.
Smaller Univent tubes are available in sizes as small as 3.5- and
4.5-mm ID for use in children over 6 years of age.'?

The advantages of the Fogarty catheter are its easy availabil-
ity in different sizes with varying balloon inflation volumes and
relatively lower cost than other commercially available bron-
chial blockers. Its drawbacks arc the low-volume high-pressure
balloon and the absence of a central lumen for suctioning and
oxygen insufflation, if required, and the increased chance of
dislodgement of the blocker balloon into the trachea during
lung manipulation. In infants and smaller children, left bron-
chial intubation for right-lung surgery or the placement of a
bronchial blocker in the left mainstem bronchus require skill,
availability, and proficiency in the usage of small FOBs or
small rigid bronchoscopes. Small FOBs that can pass through
endotracheal tubes of size 3.5 or less may not be readily
available in many centers, and technical difficulty, lack of
experience, and infrequent use of rigid bronchoscopes by the
anesthesiologist in these small patients will lead to some com-
promise in lung separation in these patients. In this study, 2
previously described techniques for selective left bronchial
intubation were compared with a newer technique.

Using the first technique described by Kubota et al’, the
success rate was nil when compared with 92% success in their
study involving 59 children. One reason for this low success
rate could be that the number of patients in the present study
group was less. In Kubota et al’s study, they did not mention
how many of these 59 children were below 4 years of age.
Because the authors had other parameters to be analyzed
throughout the study, only those children below 4 years of age
who required a left thoracotomy could be included. Confirma-
tion of proper tube placement in both studies was done by
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Table 3. Measured Parameters and Values

Fogarty Catheter

Time for Isolation {mins)

Age Carinal Distance Size Balloon Volume

v) (cm) (R {ce) Tec | Tec I Tec Il
0.6 12 4 0.75 NA NA 8.12
0.7 12.5 4 0.75 NA NA 9.36
0.9 13 4 0.75 NA NA 8.25
1.4 14 4 1.1 NA NA 10.11
1.6 13.5 5 1.3 NA 5 11.23
1.8 14 5 1.1 NA NA 9.10
1.1 14 5 1.3 NA NA 7.28
2.1 15.56 5 1.4 NA 7 9.18
23 15 5 1.4 NA NA 8.44
3.1 16 5 1.5 NA NA NA
3.6 16.5 6 1.8 NA NA 10.21

Abbreviation: NA, not applicable.

auscultation alone. The authors attempted intubation only once
in each patient and that could be another reason for total failure.
Kubota et al® did not mention how many attempts were made in
each patient even though they did mention the time for left
bronchial intubation to be 4 to 5 seconds.

The second technique of left-lung isolation using the pre-
shaped Fogarty catheter was described by Ginsberg.® In his
study, he used 8-to-14 size Fogarty catheters with the tip angled
at 30°. He did not mention the success rate, but the Fogarty size
does not seem to fit in the group that the authors studied. The
authors’ success rate was only 18.18% (ie, 2 of 11 patients).
The authors confirmed left bronchial placement of the Fogarty
catheter by auscultation alone but Ginsberg had used FOB for
proper positioning. Thus, the authors’ technique being totally
blind and also in smaller children with a single attempt could be
the reasons for this low success rate.

Using the third technique, developed by the authors’
group, the success rate was 90.9% (ie, 10 of 11 patients).
The side to which the tube bevel faces during intubation
determines which bronchus the endobronchial tube would
enter if it were advanced beyond the carina. Baraka et al®
documented this. The conclusion of Kubota et al'® that the
angle of tracheobronchial relationship favored the preferen-
tial passage of the endotracheal tube to the right bronchus in
children was challenged by Block,'! who suggested that the
bevel of the normal endotracheal tube that faces the left
determined the tube’s passage to the right bronchus when
pushed beyond the carina. Baraka et al® mentioned a 100%
success rate of left bronchial intubation with the bevel facing
right. In the present study this was modified by preshaping
the tube with a stylet inside to resemble a left-sided double-
lumen tube and the bevel to face to the right. In 1 patient
who could not be intubated, the left bronchus had an abnor-
mal angle of takeoff and a smaller bronchial lumen than the
tube selected by the authors according to the protocol.

Once the left bronchus was intubated, the Fogarty catheter
placement and proper positioning of the balloon were achieved
in all patients. Even though the whole procedure was blind,
confirmation of bronchial blocker placement with FOB showed
absolutely accurate positioning of the balloon proximal to the
left upper lobe bronchus takeoff.

Intubating the infant trachea with the preshaped SLET, keep-
ing the stylet inside, has the inherent risk of injuring the trachea
or bronchus. Lateral deviation of 15° to 20° close to the tip of
the SLET, which is 1 size smaller than a tube that the trachea
would have accommodated, does not produce so much devia-
tion of the long axis of the SLET as to cause any undue
pressure on the lateral wall of the trachea and thus injury to the
tracheal mucosa. The authors were very careful with intubating
this preshaped SLET so that the tube was never advanced
farther into the trachea or bronchus at the slightest feel of
resistance, which was encountered in only 1 case. The trachea
and bronchi of all these patients were examined with FOB after
the procedure, and no signs of tracheal or bronchial injury were
found. None of them developed postoperative stridor.

Fiberoptic bronchoscopy is the accepted standard to aid and
confirm the placement of double-lumen endotracheal tubes and
bronchial blockers, even more essential in the placement of
WEB or more recently described end-hole bronchial blockers!®
and Univent tubes. In this study, the authors tried to prove that
accurate placement of bronchial blockers can still be achieved,
especially in smaller children, when smaller bronchoscopes are
not available. Fogarty catheters are relatively thinner for a
given balloon volume, when compared with other bronchial
blockers, and thus will allow the use of endotracheal tubes of
larger ID, especially in infants and smaller children when they
are placed side by side in the trachea. The authors found that
coaxial placement of bronchial blockers through indwelling
SLET of size less than 4 mm ID leads to difficulty and com-
promise in airway suction clearance and inadvertent pulling
and dislodgement of the blocker balloon during tracheal toilet.

The technique of collapsing the lung before the final Fogarty
balloon inflation and positioning in the right lateral decubitus
position prevented the balloon displacement during surgery and
lung handling. This particular procedure can lead to a sudden
reduction in functional residual capacity and thus acute hypox-
emia. In the authors’ limited experience, this problem was not
encountered and could be because the lungs were ventilated
before the procedure with 100% oxygen and the actual duration
of negative suctioning was limited to a very short period and
ventilation of the right lung resumed at the earliest opportunity.
The chances of bronchial blocker balloon displacement when
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positioning the child in the right lateral decubitus position after
achieving the lung separation in the supine position can be
minimized if the head and the torso can be turned in unison
without undue flexion or extension of the neck. The authors did
not encounter any balloon displacement during positioning.
The authors have found that left bronchial intubation using the
third technique is of great use in the intensive care setting in
which isolated left bronchial suctioning and re-expansion of the
collapsed left lung had to be done.

641

In conclusion, the technique of left bronchial intubation with
an SLET, with the bevel facing right and that is preshaped to
resemble a left-sided double-lumen tube, was simple, safe, and
easily accomplished. A Fogarty catheter, with the markings
made on it, can be positioned properly without the aid of a
smaller bronchoscope once the left bronchus is intubated. Bal-
loon displacement can be avoided completely if the left lung is
collapsed properly and completely before the final balloon
inflation.
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